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(54) Monopolar cell pack of proton exchange membrane fuel cell and direct methanol fuel cell 



(57) A proton exchange membrane fuel cell and a 
direct methanol fuel cell pack using a monopolar elec- 
trode are provided. The fuel cell pack (10) includes a 
plurality of cells each having a membrane (20a, 20b) in 
its middle and a cathode (1 2) and an anode (11 ) at both 
sides of the membrane, collector plates (14, 13) con- 
tacting the cathode and the anode, respectively, in each 
cell, and an electrical connection member (15) for elec- 
trically connecting adjacent cells. The cells are evenly 
disposed on an arbitrary plane with a hollow (18) inter- 
posed between two adjacent cells. The electrical con- 
nection member (15) is positioned in the hollow (18). 
The fuel cell pack also includes a porous fuel diffusion 
member (21a, 21b) contacting the anode (11) of each 
cell; a porous air contact member (22a, 22b) contacting 
the cathode (12) of each cell; an anode end plate (11) 
and a cathode end plate (12) disposed at the side of the 
anodes of the cells and at the side of the cathodes of 
the cells, respectively, for protecting the cells; a fuel sup- 
ply and discharge unit for supplying fuel toward the an- 
odes (11) in the hollow (18) and discharging the fuel; a 
fuel flow stopper (16) disposed at a portion at the part 
of the cathodes (12) in the hollow (18), for preventing 
fuel flowing at a portion at the part of the anodes (1 1 ) in 
the hollow (18) from flowing toward the portion at the 
part of the cathodes in the hollow; and a sealing member 
(17) for sealing the anodes of the cells and the portion 
of the hollow corresponding to the anodes. Accordingly, 
circulation of fuel for the plurality of cells is performed 
through a single inlet and a single outlet so that a fuel 
supply line is very simple compared to a structure of a 
fuel supply line for each cell in a conventional cell pack 
having a structural limitation. In addition, the cell pack 



generates current of a high density without a separate 
cooling device. 

FIG. 3 
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Description 

[0001] The present invention relates to a ceil pack of 
a proton exchange membrane fuel cell and a direct 
methanol fuel cell. 

[0002] A proton exchange membrane fuel cell (PEM- 
FC), which is a future clean energy source which can 
substitute for fossil energy sources, has a high power 
density and a high energy conversion efficiency. In ad- 
dition, a PEMFC can operate at a room temperature and 
can be miniaturized and hermetically sealed so that it 
can be applied to low emission automobiles, generating 
systems for home use, mobile communication equip- 
ment, medical instruments, military equipment, equip- 
mentfor the space industry and so on. That is, a PEMFC 
can be applied to a variety of fields. 
[0003] A PEMFC is a generating system which gen- 
erates direct current electricity from the electrochemical 
reaction between hydrogen and oxygen. For the PEM- 
FC, a single cell includes an anode, a cathode and a 
proton exchange membrane interposed between the 
anode and the cathode. The proton exchange mem- 
brane of the PEMFC has a thickness of 50-200 Fm and 
is formed of a solid polymeric electrolyte. Each of the 
anode and the cathode of the PEMFC is composed of 
a gas diffusion electrode (hereinafter, an anode or a 
cathode is referred to as a gas diffusion electrode) which 
includes a support layer for supplying fuel gas and a cat- 
alyst layer on which oxidation and reduction of the fuel 
gas and oxidant gas (hereinafter, fuel gas, oxidant gas 
and liquid fuel is referred to as fuel) proceed. 
[0004] When a reactant gas is supplied to such a 
PEMFC, oxidation proceeds on the anode of a gas dif- 
fusion electrode so that hydrogen molecules are con- 
verted into hydrogen ions and electrons. The hydrogen 
ions are transferred to a cathode via a proton exchange 
membrane, and reduction proceeds on the cathode. In 
other words, oxygen molecules receive electrons so that 
they are converted into oxygen ions. The oxygen ions 
react with hydrogen ions from the anode so that they 
are converted into water molecules. 
[0005] In the gas diffusion electrode of a PEMFC, the 
catalyst layer is disposed between the support layer and 
the proton exchange membrane. The support layer is 
formed of carbon cloth or carbon paper and is surface- 
processed so that a reactant gas, water transferred to 
the proton exchange membrane and water generated 
from reaction can easily pass through the support layer. 
[0006] A direct methanol fuel cell (DMFC) has the 
same structure as a PEMFC. However, instead of using 
hydrogen gas as a reactant gas, liquid methanol is sup- 
plied to an anode, and oxidation proceeds due to action 
of a catalyst, generating hydrogen ions, electrons and 
carbon dioxide. Such a DMFC is less efficient than a 
PEMFC, but it can be easily applied to portable elec- 
tronic equipment because fuel is injected in a liquid 
state. 

[0007] For the above two kinds of fuel cell, a single 



cell generates less than 1 V, practically. Accordingly, to 
generate a high voltage, a plurality of single cells are 
superposed and electrically connected in series. To col- 
lect electricity generated, fuel flow fields and bipolar 

5 plates as collector plates as many as superposed cells 
are used. A fuel flow area may be realized as a metal 
mesh, but it is usually inscribed on a graphite block as 
a collector plate which is conductive, can be hermetical- 
ly sealed and has a predetermined or greater thickness. 

10 [0008] However, when such a fuel flow area is used, 
a flow path of a complex structure is required to consec- 
utively supply fuel and oxygen throughout a stack of sin- 
gle cells starting from the outermost single cell to the 
innermost single cell without making the fuel and oxygen 

15 mixed. Such a fuel flow path of a complex structure has 
a high probability that liquid or gas which is supplied to 
the stack is leaked. In addition, since a plurality of col- 
lector plates should be superposed, it is difficult to her- 
metically seal a stack and to reduce the size and weight 

20 of the stack so that the power density is degraded. The 
outermost portion of the stack and the middle portion 
thereof have different internal resistance, temperature 
and humidity so that a high load can partially occur in a 
single cell. Consequently, the duration of the stack can 

25 be shortened. 

[0009] When high power is required, it is advanta- 
geous to use such a stack method even if the method 
has drawbacks described above. However, when a 
stack is used for obtaining low power, e.g., of the appli- 

30 cations of electronic equipment, a monopolar cell pack 
structure making up for the above drawbacks is advan- 
tageous. 

[0010] U.S. Patent No. 5,925,477 discloses an as- 
sembly of single cells which has a structure as shown 

35 in FIG. 1 . Referring to FIG. 1 , a plurality of single cells 
in which anodes 4, 5 and 6 and cathodes 7, 8 and 9 are 
superposed on the top and bottom of the membranes 3, 
respectively, are arranged in line. The cathodes 7 and 
8 of single cells are electrically connected in series to 

40 the respective anodes 5 and 6 of adjacent single cells 
by conductors 2 through the overlapping of the electrode 
area of one single cell with the opposite electrode area 
of the next cell. In such a structure, a fuel flow field is 
provided by a graphite plate (not shown) on which a flow 

45 path is formed. 

[0011] The graphite plate should be designed so that 
a fuel path can be provided from the outside of a cell to 
accomplish the fuel flow between electrodes. Moreover, 
in the structure in which the membrane and the upper 

50 and lower electrodes of a single cell on which electro- 
chemical reaction proceeds should be bent, catalytic re- 
action is concentrated on bent portions, shortening the 
duration of an electrode. 

[0012] According to a first aspect of the invention, 
55 there is provided a fuel cell pack including a plurality of 
cells each having a membrane in its middle and a cath- 
ode and an anode at both sides of the membrane, col- 
lector plates contacting the cathode and the anode, re- 
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spectlvely, in each cell, and an electrical connection 
member for electrically connecting adjacent cells. Here, 
at least two cells are provided. The cells are evenly dis- 
posed on an arbitrary plane with a hollow interposed be- 
tween two adjacent cells, and the electrical connection 
member is positioned in the hollow. The fuel cell pack 
includes a porous fuel diffusion member contacting the 
anode of each cell; a porous air contact member con- 
tacting the cathode of each cell; an anode end plate and 
a cathode end plate disposed at the side of the anodes 
of the cells and at the side of the cathodes of the cells, 
respectively, for protecting the cells; fuel supply and dis- 
charge means for supplying fuel toward the anodes in 
the hollow and discharging the fuel; a fuel flow stopper 
disposed at a portion at the part of the cathodes in the 
hollow, the fuel flow stopper preventing fuel flowing at a 
portion at the part of the anodes in the hollow from flow- 
ing toward the portion at the part of the cathodes in the 
hollow; and a sealing member for sealing the anodes of 
the cells and the portion of the hollow corresponding to 
the anodes. 

[001 3] According to a second aspect of the invention, 
there is provided a fuel cell pack including a plurality of 
cells each having a membrane in its middle and a cath- 
ode and an anode at both sides of the membrane, col- 
lector plates contacting the cathode and the anode, re- 
spectively, in each cell, and an electrical connection 
member for electrically connecting' adjacent cells. Here, 
at least two cells are provided. The cells are disposed 
on both sides of an intermediate layer, which is provided 
with fuel supply and discharge means, with a hollow of 
predetermined volume interposed between two adja- 
cent cells in the level direction of the intermediate layer. 
The electrical connection member is disposed in the hol- 
low. The anodes of the cells disposed on both sides of 
the intermediate layer contact the intermediate layer. 
The fuel cell pack includes a porous fuel diffusion mem- 
ber contacting the anode of each cell; a porous air con- 
tact member contacting the cathode of each cell; first 
and second end plates disposed at the respective sides 
of the cathodes of the cells, for protecting the cells; a 
fuel flow stopper disposed at a portion corresponding to 
the cathodes of adjacent cells in a hollow, the fuel flow 
stopper preventing fuel flowing at a portion at the part 
of the anodes in the hollow from flowing toward the por- 
tion at the part of the cathodes in the hollow; and a seal- 
ing member for sealing the anodes of the cells and the 
portion of a hollow corresponding to the anodes. 
[0014] The invention provides a fuel cell having an in- 
ternal fuel flow field such that it is not necessary to sep- 
arately design a fuel flow path. The fuel cell pack has a 
simple structure and can be easily manufactured, and 
has an improved power density and an improved degree 
of freedom in designing a single cell. 
[0015] In the first aspect, two cells may be provided, 
and a fuel inlet and a fuel outlet corresponding to the 
hollow may be disposed on the anode end plate with a 
predetermined interval. Alternatively, at least two cells 



may be provided, and a fuel inlet corresponding to one 
hollow and a fuel outlet corresponding to the other hol- 
low may be disposed in the anode end plate. 
[0016] In the second aspect, a storage space for stor- 

5 ing fuel supplied to the anodes of the cells may be pro- 
vided in the intermediate layer. Three cells may be dis- 
posed on each of both sides of the intermediate layer, 
and a fuel inlet and a fuel outlet which correspond to 
hollows, respectively, between the cells may be dis- 

10 posed in the intermediate layer at a predetermined in- 
terval. 

[0017] In the first and second aspects, the porous fuel 
diffusion member is formed of a carbon-plastic compos- 
ite. Particularly, the porous fuel diffusion member may 

15 include carbon or graphite impregnated therein. The po- 
rous air contact member is formed of a carton -plastic 
composite and may have a plurality of channels for the 
flow of air on its bottom. Preferably, the electrical con- 
nection member has a shape of a mesh. 

20 [0018] Examples of the invention will now be de- 
scribed in detail with reference to the accompanying 
drawings, in which: 

FIG. 1 is a schematic sectional view illustrating a 
25 monopolar cell pack of prior art; 

FIG. 2 is a schematic perspective view illustrating a 
first embodiment of a cell pack according to the 
present invention; 

FIG. 3 is an exploded view illustrating the cell pack 

so of FIG. 2; 

FIG. 4 is a lengthwise sectional exploded view illus- 
trating the stack structure of the cell pack of FIG. 2; 
FIG. 5 is a sectional view illustrating the stack struc- 
ture of the cell pack of FIG. 2; 

35 FIG. 6 is a sectional view taken along the line A-A 
of FIG. 5; 

FIG. 7 is a schematic perspective view illustrating a 
cathode collector plate and a cathode end plate 
which are applied to a cell pack according to the 

40 present invention; 

FIG. 8 is a schematic perspective view illustrating 
the single-layer structure of an ion exchange mem- 
brane and electrodes assembly (a catalyzed mem- 
brane) applied to a cell pack according to the 

45 present invention; 

FIG. 9 is a three-dimensional exploded view illus- 
trating the stack structure of a second embodiment 
of a cell pack according to the present invention; 
FIG. 10 is a lengthwise schematic sectional view il- 

50 lustrating the stack structure of the second embod- 
iment of a cell pack according to the present inven- 
tion; 

FIG. 11 is a lengthwise schematic sectional view il- 
lustrating the stack structure of a third embodiment 
55 of a cell pack according to the present invention; 

FIG. 12 is a widthwise schematic sectional view il- 
lustrating the fuel supply structure of the third em- 
bodiment of a cell pack according to the present in- 
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vention; and 

FIG. 13 is a line graph illustrating the power char- 
acteristics of a cell pack according to the present 
invention. 

[001 9] FIG. 2 is a schematic perspective view illustrat- 
ing the appearance of a first embodiment of fuel cell 
pack 1 0 according to the present invention. Referring to 
FIG. 2, an anode end plate 11 is coupled to a cathode 
end plate with a predetermined gap therebetween. A 
thin anode collector plate 1 3a and a thin cathode collec- 
tor plate 14b extend to predetermined distances, re- 
spectively, at both sides of the cell pack in a lengthwise 
direction. A fuel inlet 111 and a fuel outlet 112 are pro- 
vided in the middle of the top surface of the anode end 
plate 11 . The fuel inlet 111 is connected to a hydrogen 
or methanol storage container or ampule provided out- 
side the cell pack 1 0, allowing continuous inflow of fuel, 
so that the cell pack 10 can be used as a power supply 
for portable instruments. The anode collector plate 1 3a 
and the cathode collector plate 14b are provided in dif- 
ferent cells within the cell pack 1 0 and extended out of 
the cell pack 10 to supply power to the outside. Each of 
the portions extending out of the cell pack 10 can be 
formed of a different material. In other words, each col- 
lector plate is provided only within a cell pack, and a 
portion electrically exposed to the outside of the cell 
pack is formed of a different conductive material than 
the collector plate and electrically connected to the cor- 
responding collector plate. 

[0020] FIG. 3 is a schematic exploded perspective 
view of the cell pack 10 of FIG. 2. FIG. 4 is a sectional 
view in which stack members are spaced at predeter- 
mined intervals to illustrate the internal stack structure 
of the cell pack 10. FIG. 5 is a partial sectional view of 
the cell pack 1 0 in which the members between the an- 
ode end plate 1 1 and the cathode end plate 1 2 are close- 
ly stuck to each other by the anode and cathode end 
plates 11 and 12. FIG. 6 is a sectional view taken along 
the line A-A of FIG. 5. 

[0021] Referring to FIGS. 3 through 6, two cells are 
disposed with a predetermined gap between the anode 
end plate 11 and the cathode end plate 12 which sub- 
stantially constitute the appearance of a cell pack. Each 
cell includes a proton exchange membrane, that is, a 
catalyzed membrane, 20a or 20b having catalyst layers 
on both top and bottom surfaces thereof, a fuel diffusion 
member 21a or 21b disposed on the catalyzed mem- 
brane 20a or 20b and an air contact member 22a or 22b 
beneath the catalyzed membrane 20a or 20b. The pro- 
ton exchange membrane 20a or20b is structured such 
that catalyst layers 202 and 203 are stacked on both top 
and bottom surfaces of a membrane 201 , as shown in 
FIG. 8. 

[0022] The fuel diffusion member 21 a or 21 b and one 
catalyst layer of a membrane, which contacts the fuel 
diffusion member 21 a or 21 b, constitute an anode. The 
air contact member 22a or 22b and the other catalyst 



layer of the membrane, which contacts the air contact 
member 22a or 22b, constitute a cathode. 
[0023] A channel 221a or 221b for the flow of air is 
formed in the air contact member 22a or 22b. The air 
5 contact member 22a or 22b has the channel 221a or 
221 b to form a flow path of the air or is formed of a mac- 
ro- or micro-porous carbon-plastic composite material 
allowing the flow of the air. 

[0024] An anode collector plate 1 3a or 1 3b and a cath- 

w ode collector plate 14a or 14b, which act as monopolar 
electrodes at the respective anode and cathode, are 
provided in the upper and lower portions, respectively, 
of each cell. The anode collector plate 13a of one cell 
and the cathode collector plate 14b of the other cell are 

15 extended out of the cell pack 1 0. 

[0025] As shown in FIG. 5, a hollow 18 is provided 
between the two cells. An electrical connection member 
1 5 for electrically connecting the cathode collector plate 
14a of one cell to the anode collector plate 13b of the 

20 other cell is disposed within the hollow 1 8. The electrical 
connection member 15 is preferably configured in the 
form of a mesh passing the fuel to have a sufficient width 
so that its area contacting the collector plates 14a and 
13b can be large and o prevent the electrical connection 

25 member 15 from obstructing the flow of fuel within the 
hollow 1 8. In addition, the electrical connection member 
15 is preferably formed of nickel, considering corrosion- 
resistance against fuel. When the electrical connection 
member 15 is not a mesh, its width should be narrowed 

30 so that it does not obstruct the flow of fuel if possible. 
[0026] A fuel flow stopper 1 6 is provided at the lower 
portion of the hollow 1 8. The fuel flow stopper 1 6 stops 
up the hollow 1 8 up to the bottom of the proton exchange 
membranes 20a and 20b to prevent the fuel from flowing 

35 into the hollow 1 8 and prevent the fuel from flowing to- 
ward the cathode and being mixed with the air. 
[0027] As shown in FIG. 6, sealing members 17 are 
formed at both sides of the fuel diffusion member 21a 
or 21 b to prevent the diffusing fuel from flowing out. The 

40 sealing members 1 7 prevent the fuel, which is supplied 
into the upper portion of the hollow 18 and diffused to 
the fuel diffusion member 21a or 21b, from flowing out 
of the cell pack 10. 

[0028] A preferred configuration for extending the an 
45 area on which the air contact members 22a and 22b 
contact the air in such a structure described above is 
shown in FIGS. 4 through 7. The cathode collector 
plates 14a and 14b in the two cells have through holes 
141a and 141b, and the cathode end plate 12 has 
so though holes 121a and 121b. The though holes 141a 
and 141b correspond to the through holes 121a and 
121b one to one. 

[0029] In such a structure, each of the collector plates 
13a, 13b, 14a and 14b acts as a monopolar electrode. 
55 The anodes are shielded from the outside by the seal ing 
members 1 7. Fuel such as hydrogen or methanol is sup- 
plied into the hollow 1 8 provided between the anodes 
and then diffused through the fuel diffusion members 
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21a and 21b of the respective anodes. Particularly, the 
air of the cathodes flows through the air contact mem- 
bers 22a and 22b having the channels 221a and 221b, 
respectively, so that the size of a cell can be reduced, 
and a power density can be increased. 
[0030] In the above embodiment, the electrical con- 
nection member 15 disposed within the hollow 18 is re- 
alized as a mesh such that the electrical connection 
member 1 5 does not obstruct the flow of the fuel sup- 
plied into the hollow 18 and electrically connects the 
cathode collector plate 14a of one cell to the anode col- 
lector plate 13b of the other cell, which act as monopolar 
electrodes in the respective two cells. Each of the anode 
end plate 11 and the cathode end plate 12 is formed of 
a material such as a bakelite which has an enough stiff- 
ness to closely fasten the members between the two 
plates 11 and 12 when the members and the two plates 
1 1 and 1 2 are coupled by coupling parts such as screws 
1 8a and bolts 1 8b and thermal resistance within a pre- 
determined temperature range. Particularly, since the 
contact pressure between an anode, a cathode and a 
proton exchange membrane, which are closely fastened 
by the anode end plate 11 and the cathode end plate 
1 2, in each cell is very closely related to the internal re- 
sistance of the cell, the anode and cathode end plates 
11 and 12 is formed to have a sufficient stiffness con- 
sidering the contact pressure. 

[0031 ] The fuel flow stopper 1 6 and the sealing mem- 
bers 17 are formed of sealant having silicon rubber as 
a main component. Particularly, the hollow 1 8 between 
the anodes is not filled with selant so that the flow path 
of a hydrogen or methanol solution can be secured. 
[0032] FIG. 9 is a schematic perspective view illustrat- 
ing the configuration of a second embodiment of fuel cell 
pack of the invention, in which three ceils are arranged 
in line. FIG. 1 0 is a sectional view of FIG. 9. In this sec- 
ond embodiment, the structure of each cell is the same 
as that of the first example. 

[0033] Referring to FIGS. 9 and 1 0, three cells are ar- 
ranged in line at predetermined intervals between an an- 
ode end plate 11a and a cathode end plate 12a. Each 
cell includes a proton exchange membrane and elec- 
trodes assembly (a catalyzed membrane) 20a, 20b or 
20c and a fuel diffusion member 21a, 21b or 21c in its 
middle and an air contact member 22a, 22b or 22c which 
are provided top and bottom surfaces of the proton ex- 
change membrane 20a, 20b or 20c. 
[0034] Hollows 1 8a and 1 8b are provided between the 
cells. Electrical connection members 15a and 15b are 
disposed within the respective hollows 18a and 18b. A 
fuel inlet 111a and a fuel outlet 112a corresponding to 
the hollows 18a and 1 8b, respectively, are disposed on 
the anode end plate 11a with a predetermined gap ther- 
ebetween. As described in the first embodiment, each 
of the electrical connection members 15a and 15b is 
electrically connected to cells at both sides of each of 
the hollows 1 8a and 1 8b, so that the cells are connected 
in series. Here, one end of each electrical connection 



member 15a or 15b is connected to an anode collector 
plate 13a or 13b in one cell, and the other end is con- 
nected to a cathode collector plate 1 4b or 1 4c in the next 
cell. Fuel flow stoppers 1 6a and 1 6b are disposed in the 

5 lower portions of the respective hollows 1 8a and 1 8b to 
prevent fuel flowing in the upper portion of the respective 
hollows 18a and 1 8b from flowing toward cathodes. 
[0035] In a fuel cell pack according to the second em- 
bodiment, three cells are arranged in line, and each of 

10 the collector plates 13a, 13b, 13c, 14a, 14b and 14c acts 
as a monopolar electrode as in the first embodiment. 
Accordingly, a fuel flow structure is provided within the 
cell pack so that fuel can be supplied to the three cells 
in a cycle through the fuel inlet 111a and the fuel outlet 

15 1 1 2a provided on the anode end plate 1 1 a. By applying 
such a structure, a cell pack of a structure in which three 
or more cells are arrange in line can be obtained. In the 
second embodiment, members such as an anode, a 
cathode, a proton exchange membrane, a cathode col- 

20 lector plate and a cathode end plate may substantially 
have the same structures as those of the corresponding 
members in the first embodiment. 
[0036] In a fuel cell pack according to a third embod- 
iment, the structures according to the second embodi- 
es ment are symmetrically disposed around an intermedi- 
ate layer, and fuel is supplied starting from the interme- 
diate layer toward anodes adjacent to the intermediate 
layer. FIG. 11 is a sectional view illustrating a cell pack 
of a double layer structure in which thecell packs having 

30 a structure described in the second embodiment are 
symmetrically stacked around an intermediate layer. 
[0037] Referring to FIG. 11 , unit cell packs 10a and 
10b each having a structure described in the second 
embodiment are disposed on and beneath an interme- 

35 diate layer 200. In other words, the unit cell packs 1 0a 
and 10b share the intermediate layer 200 as an anode 
end plate and have cathode end plates 12c and 12d, 
respectively. 

[0038] In FIG. 1 1 , each of the unit cell packs 1 0a and 

40 1 0b disposed on and beneath the intermediate layer 200 
includes three cells which are arranged in line with hol- 
lows 18a and 18b or 18c and 18d therebetween. Elec- 
trical connection members 15a, 15b, 15c and 15d are 
disposed in the hollows 18a, 18b, 18c and 18d, respec- 

45 tively. Each of the electrical connection n members 15a, 
15b, 15c and 15d is connected to an anode collector 
plate 13a, 13b, 13e or 13f of one cell and to a cathode 
collector plate 14b, 14c, 14d or 14f in an adjacent cell. 
Fuel flow stoppers 1 6a, 1 6b, 1 6c and 1 6d are disposed 

so at portions near cathodes in the respective hollows 1 8a, 
18b, 18c and 18d to prevent fuel supplied toward the 
anodes of the cells from flowing toward the cathodes. 
[0039] In such a structure described above, fuel is 
supplied to the cells through the intermediate layer 200. 

55 An inlet 111b through which fuel is supplied to an anode 
of each cell and an outlet 112b are disposed in the in- 
termediate Iayer200. Referring to FIG. 12, the inlet 111b 
and the outlet 112b communicate with the upper and 



5 



9 



EP1 134 830 A2 



10 



lower unit cell packs 10a and 10b, and a passage for 
the inflow/outflow of fuel from/to the outside is provided 
at one side of the intermediate layer 200. 
[0040] Methods of manufacturing members common- 
ly used in the first through third embodiments will be de- 
scribed below. 

Catalyzed Membrane 

[0041] Pt/C powder containing a 20% Pt catalyst, an 
IPA solution and a 5% nafion solution were mixed, there- 
by producing catalyst ink. The catalyst ink was subject- 
ed to ultrasonic processing for uniform dispersion. A 
nafion 112 membrane was pre-treated with H 2 S0 4 and 
H 2 0 2 and then rinsed with deionized (Dl) water. Both 
surfaces of the membrane were directly coated with the 
prepared catalyst ink using a spay gun. The membrane 
was cut such that an active area can be 2H3 cm 2 . 

Fuel Diffusion Member 

[0042] Carbon paper (Toray 090) was cut such that 
the carbon paper has a predetermined size. The carbon 
paper was dipped in a slurry made by mixing graphite 
(Timrex KS6) power with polytetrafluoroethylene (PT- 
FE) in a ratio of one to one and mixing the mixture with 
water, thereby manufacturing a flow field substrate (fuel 
diffusion member). The flow field substrate was dried. 
Ink in which carbon powder (Vulcan XCR), PTFE, an IPA 
solution and water were mixed was sprayed on the sur- 
face of the flow field substrate, thereby forming a diffu- 
sion layer. Then, for drying the flow field substrate and 
firing the PTFE, the resultant structure was thermally 
treated at a temperature of 350EC. Thereafter, the re- 
sultant structure was cut such that cut structure is 2 mm 
larger than a proton exchange membrane at both sides 
to facilitate sealing. 

[0043] The fuel diffusion member is processed with 
teflon to have a hydrophobic property. The porosity and 
the size of a pore of the fuel diffusion member are ad- 
justed by controlling the amount of carbon powder de- 
pending on the amount of supplied gas or liquid. Forthis, 
a technique disclosed in U.S. Patent No. 5,998,057 can 
be used. The hydrophobic property is given to the fuel 
diffusion member by performing teflon processing so 
that the amount of moisture and the flow rate of fuel in 
the fuel diffusion member can be adjusted during the 
operation of a fuel cell, thereby reducing internal resist- 
ance and increasing reaction efficiency. 

Air Contact Member 

[0044] Air channels which were 1 mm in depth and 
width were formed on one surface of carbon paper 
(Toray 1 .5t) having a thickness of 1 .5 mm so that an area 
contacting the air could be maximized. Then, the carbon 
paper having the air channels was cut such that the size 
of a resultant air contact member is the same as the fuel 



diffusion member. 
Other Members 

5 [0045] A collector of each cell and an electrical con- 
nection member for connecting cells were formed to be 
meshes using gold, silver, copper or nickel foil. The col- 
lector is formed of metal such as gold or silver which has 
excellent corrosion-resistance and electric conductivity. 

10 The thickness of the collector is preferably 100 Fm or 
less. 

[0046] An anode end plate and a cathode end plate 
were manufactured in the form as described before and 
coupled using coupling parts such as bolts and nuts so 
15 that a certain pressure could be given to the remaining 
cell members between the anode and cathode end 
plates. 

[0047] The power characteristics of a cell pack were 
estimated in a state in which the air was forcibly blown 

20 toward a cathode in a fuel cell pack according to the first 
embodiment of the present invention and in a state in 
which the air was allowed to flow due to natural convec- 
tion in the fuel celLpack. Dry hydrogen was injected at 
a pressure of 1 .5 bar while 1 stoichiometry is main- 

25 tained. As a result, maximum power of 1 W was ob- 
tained. Here, the voltage and the current of the cell pack 
were 1 V and 1 000 mA. FIG. 1 3 is a current density-pack 
voltage comparison line graph obtained from estimation 
performed at a room temperature (RT). The line graph 

30 of FIG. 1 3 is a result obtained under different three con- 
ditions of forcible blow (PH 2 = 1 .5 bar), natural convec- 
tion (PH 2 = 1 .5 bar) and forcible blow of an atmospheric 
pressure (PH 2 = 1 .3 bar). As seen from FIG. 13, power 
of 0.6 W was obtained even in the natural convection 

35 without forcible air circulation, and the temperature of 
the cell pack was maintained at 50EC or lower without 
a separate cooling device. 

[0048] According to the present invention, circulation 
of fuel for a plurality of cells is performed through a single 

40 inlet and a single outlet so that a fuel supply line is very 
simple compared to a structure of a fuel supply line for 
each cell in a conventional cell pack having a structural 
limitation. Particularly, a collector can be used as a mo- 
nopolar electrode, fuel can be uniformly supplied 

45 throughout a cell, and a fuel supply and discharge struc- 
ture is shared by a plurality of cells, so that the size and 
the weight of a cell pack can be reduced compared to a 
conventional cell pack. In addition, oxidation and reduc- 
tion of fuel in a structure where the fuel is diffused on an 

50 anode and reduced on a cathode is improved so that a 
high current density can be obtained from a cell of a re- 
stricted size. Particularly, in the present invention, spon- 
taneous cooling can be accomplished due to the struc- 
tural characteristics of a cell pack without depending on 

55 a separate cooling device. 

[0049] Although the invention has been described 
with reference to particular embodiments, it will be ap- 
parent to one of ordinary skill in the art that modifications 
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to the described embodiment may be made. Therefore, 
the scope of the invention will be defined by the attached 
claims. 

Claims 

1. A fuel cell pack including a plurality of cells each 
having a membrane in its middle and a cathode and 
an anode at both sides of the membrane, collector 
plates contacting the cathode and the anode, re- 
spectively, in each cell, and an electrical connection 
member for electrically connecting adjacent cells, 
at least two cells being provided, the cells being 
evenly disposed on an arbitrary plane with a hollow 
interposed between two adjacent cells, the electri- 
cal connection member being positioned in the hol- 
low, the fuel cell pack comprising: 

a porous fuel diffusion member contacting the 
anode of each cell; 

a porous air contact member contacting the 
cathode of each cell; 

an anode end plate and a cathode end plate 
disposed at the side of the anodes of the cells 
and at the side of the cathodes of the cells, re- 
spectively, for protecting the cells; 
fuel supply and discharge means for supplying 
fuel toward the anodes in the hollow and dis- 
charging the fuel; 

a fuel flow stopper disposed at a portion at the 
part of the cathodes in the hollow, the fuel flow 
stopper preventing fuel flowing at a portion at 
the part of the anodes in the hollow from flowing 
toward the portion at the part of the cathodes 
in the hollow; and 

a sealing member for sealing the anodes of the 
cells and the portion of the hollow correspond- 
ing to the anodes. 

2. The fuel cell pack of claim 1 , wherein a fuel inlet and 
a fuel outlet corresponding to the hollow are dis- 
posed on the anode end plate with a predetermined 
interval. 

3. The fuel cell pack of any preceding claim, wherein 
through holes are formed in the collector plates con- 
tacting the cathodes and the cathode end plate 
such that the through holes in the collector plates 
correspond to those in the cathode end plate one 
to one. 

4. A fuel cell pack arrangement comprising a first fuel 
cell pack according to any one of claims 1 to 3 pro- 
vided in a first plane and a second fuel cell pack 
according to any one of claims 1 to 3 provided in a 
second plane, the two planes being on opposite 
sides of an intermediate layer, wherein the interme- 



diate layer is provided with the fuel supply and dis- 
charge means. 

5. A fuel cell pack including a plurality of cells each 
5 having a membrane in its middle and a cathode and 

an anode at both sides of the membrane, collector 
plates contacting the cathode and the anode, re- 
spectively, in each cell, and an electrical connection 
member for electrically connecting adjacent cells, 

10 at least two cells being provided, the cells being dis- 
posed on both sides of an intermediate layer, which 
is provided with fuel supply and discharge means, 
with a hollow of predetermined volume interposed 
between two adjacent cells in the level direction of 

15 the intermediate layer, the electrical connection 
member being disposed in the hollow, the anodes 
of the cells disposed on both sides of the interme- 
diate layer contacting the intermediate layer, the fu- 
el cell pack comprising: 

20 

a porous fuel diffusion member contacting the 
anode of each cell; 

a porous air contact member contacting the 
cathode of each cell; 
25 first and second end plates disposed at the re- 

spective sides of the cathodes of the cells, for 
protecting the cells; 

a fuel flow stopper disposed at a portion corre- 
sponding to the cathodes of adjacent cells in a 

30 hollow, the fuel flow stopper preventing fuel 

flowing at a portion at the part of the anodes in 
the hollow from flowing toward the portion at the 
part of the cathodes in the hollow; and 
a sealing member for sealing the anodes of the 

35 cells and the portion of a hollow corresponding 

to the anodes. 

6. The fuel cell pack of claim 4 or 5, wherein fuel is 
supplied to the anodes starting from anodes at the 

40 center of the fuel cell pack. 

7. The fuel cell pack of claim 4, 5 or 6, wherein at least 
two cells are disposed on each of both sides of the 
intermediate layer, and a fuel inlet and a fuel outlet 

45 which correspond to hollows, respectively, between 
the cells are disposed in the intermediate layer at a 
predetermined interval. 

8. The fuel cell pack of any preceding claim, wherein 
so the porous fuel diffusion member is formed of a car- 
bon-plastic composite. 

9. The fuel cell pack of claim 8, wherein the porous 
fuel diffusion member comprises carbon or graphite 

55 impregnated therein. 

10. The fuel cell pack of any preceding claim, wherein 
the porous air contact member is formed of a car- 



7 



13 



EP 1 134 830 A2 



bon-plastic composite. 

11. The fuel cell pack of any preceding claim, wherein 
the porous air contact member has a plurality of 
channels for the flow of air on its bottom. 5 

12. The fuel cell pack of any preceding claim, wherein 
the electrical connection member has a shape of a 
mesh. 

10 



15 



20 



25 



30 



35 



40 



45 



50 



8 



EP1 134 830 A2 



FIG. 1 (PRIOR ART) 
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FIG. 2 
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FIG. 3 
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